If Europe is to achieve the planned transition to a low carbon economy by 2050, succeeding in improving the energy efficiency of the largely inefficient existing building stock will be pivotal. Certain energy efficiency retrofitting obligations have now emerged as part of the EU's Energy Performance in Buildings Directive and the Energy Efficiency Directive. Challenges for retrofitting currently include gaps in technical skills both amongst building trades and professionals, a lack of awareness of building owners and users, concerns about compromising cultural heritage as well as a lack of viable business models, comparatively high cost and resulting long pay-back periods currently hamper the progress. Lessons can be drawn here form the EU-funded initiative CONCERTO, which helped 58 communities in 23 countries to reduce their dependence on conventional energy supply by implementing energy efficiency measures and integrating renewable energy sources not at single building scale but community scale. Almost all of these entailed retrofitting activities had to find solutions to the issues mentioned. This paper presents a selection of conclusions regarding retrofitting to be drawn from the analysis undertaken under the project CONCERTO premium, which analysed outcomes across the 58 projects on behalf of the European Commission and focuses in particular on the political relevance of outcomes.
Introduction


Despite some retrofitting obligations now emerging as part of the European EPBD (Energy Performance in Buildings Directive) [1] and the Energy Efficiency Directive [2] , there is no clear pathway for dealing with the complexities of retrofitting the EU's largely inefficient existing building stock. If Europe is to achieve the targets that it has set itself for 2020 [3] and, furthermore, the planned transition to a low carbon economy by 2050 [4] , succeeding in this challenge will be non-negotiable. The EU-funded initiative CONCERTO, a European Commission initiative, which has co-funded 58 communities in 23 countries, demonstrates a considerable number of examples of innovative energy-efficiency and renewable energy technologies for new and, in particular, also existing buildings implemented at community scale. These provide ample learning grounds for the issues faced by retrofitting projects.
Concerto
CONCERTO is being funded by the European Commission under the 6th and 7th framework research programmes (FP6 and FP7). All 58 communities shown on the map of Fig. 1 have received funding. They have been grouped into 22 projects and are spread across 23 countries. All of these proactively address the challenges of creating a more sustainable future for Europe's energy use. Each is working to deliver the highest possible level of energy self-sufficiency. After the initial call for proposals in 2003, the first generation of projects commenced in 2005, two further calls followed. At the time of writing, approximately half of the communities have concluded their project activities. Others are close to finishing. The total amount of the EU co-funding is €175 million. It typically covered single percentage figures of the overall funding required for each project.
CONCERTO projects do not just address the energy consumption of individual buildings, but the whole neighbourhoods. Every single project is highly complex in itself, as each tackles energy demand by implementing efficiency measures and the supply side by implementing renewable energy systems, dealing with new buildings as well as refurbished existing buildings and energy supply systems. The projects are similar in their approach and had to respond to very different geographic contexts, which are also reflected in the eventual outcomes: there are dense inner city areas, urban extensions, rural regions and eco-villages. Each site developed tailor-made solutions that fit the local challenges and available renewable energy potentials. As such, each site, therefore, acts as a "real-life-laboratory" and each site is obliged to monitor energy consumption as part of CONCERTO, providing real-life data.
Within the project CONCERTO premium, the authors were involved in the technical, economic and strategic analyses of all CONCERTO projects on behalf of the European Commission. Apart from gathering energy performance data, this also involved paper surveys, interviews and workshops for the coordinators of the 58 sites in order to gain an understanding of political context and soft factors on which this paper is predominantly based. Results are available to the public via a web-based tool at www.concerto.eu.
Defining the Challenge
It is well known that buildings currently represent almost 40% of total final energy consumption in the EU [6] and, therefore, the reduction of energy consumption of buildings can make a crucial contribution to the EU targets set for 2020. However, approximately 70% of the building stock, which we will be using in 2050, is already built.
In total, there are 24 billion m 2 floor area in buildings in the European Union, roughly equating to the area of Belgium [6] . This floor area is mainly concentrated in Germany, France, UK, Italy and Spain. As Fig. 2 shows, these are also countries with a considerable share of pre-1990 housing stock [6] . Three quarters of the EU building stock belong to residential buildings, which can be split into one third 
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(by floor area) apartment blocks and two thirds single family houses [6] , showing the significance of the latter. Another quarter is made up of non-residential buildings.
As figures from the report "Buildings under the Microscope" [6] 
Retrofitting in CONCERTO
The wealth of data available from CONCERTO within the publicly accessible database at www.concerto.eu allows for contributions to many energy topics. However, the data on retrofitting projects are considered by the authors to be particularly relevant.
As the financial crisis unfolded, demand for new buildings came to a halt in many countries. Projects often had to shift emphasise onto existing buildings, which now offer the advantage of providing additional learning in this important field. Due to CONCERTO, there are now retrofitting demonstration projects in 23 countries having to respond to a wide range of climatic zones and social contexts as illustrated in Table 1 Nevertheless, these results cannot yet be described as "nearly zero", as required by the EPBD. Some of them, however, use biomass as main heating fuel. This results in the primary energy demand (the metric prescribed for energy performance assessments in the EU by the EPBD) coming close to zero, as shown in Fig. 5 . Altogether, the data presented suggest feasible pathway for attaining the longer term ambition of the EPBD to achieve "nearly zero energy", not just in new but also existing buildings. Nevertheless, the analysis of CONCERTO also revealed the difficulties the projects had to overcome. These as well as possible solutions will be discussed in the following sections.
Energy Savings Achieved
Legal Framework, Standards and Quality Control
Having demonstrated the achievable savings, the following paragraphs consider issues that will be faced if aiming for a wide spread roll-out off retrofitting.
Throughout Europe, energy performance is now part of building regulation, but it focuses mainly on new buildings (though annual growth rate is only about 1% [6] ). Furthermore, compliance of the actual building with planning documents is a huge problem in the construction sector throughout Europe and affects energy performance in particular. Building control inspectors at municipal level are common throughout Europe, but notoriously understaffed and sometimes under-skilled. New strategies of quality assurance must be found in order to reach the energy savings potential in retrofitting. The City of Hannover tried to tackle the issue by developing short courses on quality for designers and architects [7] . The specialist knowledge and skills required of craftsmen and other building professionals for surveys and actual retrofitting works are often lacking, too. Several CONCERTO sites have, therefore, used their projects for training up a retrofitting workforce (e.g., Grenoble, North Tipperary).
In order to set priorities for retrofitting campaigns, appropriate energy survey techniques need to be employed. For example, thermographic imaging has been widely and effectively used within CONCERTO. Simple and low cost measures such as insulating roofs and improving heating controls can achieve high energy savings, especially in eastern European precast concrete block buildings. Some argue that it would be better to implement such inexpensive retrofit measures to a large number of houses instead of refurbishing a small number of houses to net zero energy standards. Both approaches have their merits and both can be found in CONCERTO.
Funding and Financing
The availability of funding for energy saving measures in existing buildings plays a pivotal role, as retrofitting measures will often only pay back after 10-20 years and thus are often seen as not economically viable. Subsidies can not only speed up the refurbishment process but also reduce the costs in the longer term. They do so by kick-starting the processes which allow the required technologies, materials and workflows to reach market maturity and becoming readily available. Certainty for investors is paramount-funding schemes should be available and certain for a long time in order to allow long-term planning. Considering current budgetary constraints in many member states, new sources of funding need to be found, which do not rely on tax revenues. These could be: taxation on fossil fuels, obligations on energy suppliers to fund energy efficiency measures by either providing grants or energy reduction obligations (e.g., regulated using white certificates, as in Denmark, France, Italy and UK). It is furthermore crucial that barriers to energy contracting and ESCOs (energy services companies) are to be removed, e.g., by introducing assurances schemes against bankruptcy of either party. A particular variation of contracting is the "pay-as-you-save" facility "Green Deal" launched in the UK in 2013. Up front capital cost of energy efficiency measures is covered by a utility and repaid by the customer via the utility bill, with payments matching the expected savings [8] . The scheme differs substantially from cheap loan schemes in other EU countries, where uptake depends on creditworthiness of the home owner. The green deal principles may hold potential to address fuel poor households, which often have difficulties applying for credit [9] . So far, it is hoped that other EU member states can learn from the Green Deal.
In several projects, retrofitting of rental properties was hampered by the "principal-agent-problem". Investments have to be made by the building owner, but lower energy bills benefit the tenant. Incentives for landlords need to be strengthened either by regulating allowable rent increases or by including heating costs into the rental charge directly.
Acceptance amongst Residents
Private households contribute over 60% to total final energy consumption in buildings in the EU [6] and, therefore, have the highest potential for energy savings. The interest of owners of single-family houses in comprehensive retrofits of their homes is low due to high upfront costs and low subsidies. Increasing public awareness for energy issues is therefore important. Information brochures, workshops, lectures, energy days and guided tours to demonstration sites can all play an important role. However, direct one-to-one contact with energy advisors or with early movers in the community has proven particularly powerful. In this context, the offer of vouchers for a visit by an energy advisor, informing about costs, benefits, funding opti case of th increasing th drop-in ener and were co If residen they will be disruptions Such worrie tenant care t of various tr informed ea and energy completion o avoid misu inhabitants.
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Conclusions
The most important message of CONCERTO is simple: it provides proof that retrofitting projects reducing energy consumption at a large urban scale, responding to a wide range of settings which can be done. Substantial savings can be achieved in a wide variety of circumstances and geographic and climatic setting. Furthermore, the data presented suggest a feasible pathway for attaining the longer term ambition of the EPBD to achieve "nearly zero energy", not just in new but also existing buildings. Very low primary energy consumption was achieved, in particular, where biomass was used. However, the projects had to overcome the typically economic, social and structural barriers, especially those of lack of skills and awareness.
Retrofitting activities at community scale within CONCERTO projects play an important role in creating a critical mass of demonstration projects. They provide an evidence base, covering both the barriers encountered but also successfully implemented technical and organisational solutions, which fed the observations and recommendations presented in this paper. There is proof that such projects can inspire successor projects.
Further findings from the analysis of the 58 pilot projects have been published in the report "Energy Solutions for Smart Cities and Communities-Recommendations for Policy Makers" [5] . Further technical data can be accessed here:
http://concerto.eu/concerto/db-access.html.
